Objective: Approximately 40% of women who smoke tobacco quit smoking during pregnancy, yet up to 85% relapse after delivery. Those who resume smoking often do so by 2 to 8 weeks postpartum. Smoking mothers are more than twice as likely to quit breastfeeding by 10 weeks postpartum. The hospitalization of a newborn, while stressful, is an opportunity to emphasize the importance of a smoke-free environment for babies. Supporting maternal-infant bonding may reduce maternal stress and motivate mothers to remain smoke free and continue breastfeeding. The objective of this study was to reduce postpartum smoking relapse and prolong breastfeeding duration during the first 8 weeks postpartum in mothers who quit smoking just before or during pregnancy and have newborns admitted to the Neonatal Intensive Care Unit (NICU).
Introduction
The detrimental effects of prenatal tobacco exposure have been well documented. Considerable public attention has been focused on smoking cessation before conception and during pregnancy. 1 Although a significant number of smoking women quit smoking during pregnancy, up to 85% resume smoking following delivery of their babies, often within 2 to 8 weeks postpartum. 2, 3 Reasons given for smoking relapse are multifaceted and include stress and depression. 4 Having a baby in the Neonatal Intensive Care Unit (NICU) is a stressful experience for parents of newborns. In addition to concerns about the health of their babies, normal mother-infant bonding is interrupted. Studies have demonstrated that when parents learn to understand the meaning of their newborn's behavioral cues, they report decreased levels of stress with their NICU experience. 5, 6 Mothers who smoke tobacco after delivery are more than twice as likely not to be breastfeeding at 10 weeks postpartum. 7, 8 The value of human milk for all infants, especially for premature infants, has been well established. 9, 10 Providing breastmilk and breastfeeding their hospitalized infant can be very challenging for mothers and many give up after only a short time. Supporting a mother's efforts to remain smoke free after the birth of her baby may be a way to prolong the duration of breastfeeding.
Although mothers who continue to smoke at the time their babies are admitted to intensive care units, are often referred to local smoking cessation programs for pregnant and postpartum mothers, support for mothers who quit smoking during pregnancy is not usually provided. Our clinical trial was designed to encourage these mothers to remain smoke free.
We hypothesized that providing enhanced support for mother-infant bonding during a newborn's hospitalization in the NICU would reduce maternal stress as well as postpartum depression, lead to decreased rates of postpartum smoking relapse and increase duration of breastfeeding during the first 8 weeks postpartum in mothers who quit smoking during or just before pregnancy.
Methods

Design and sample size
We designed a prospective randomized clinical trial, which was approved by the Loma Linda University Medical Center Institutional Review Board. Sample size was powered to detect a 50% decrease in smoking relapse between groups and was originally estimated to require 128 mothers with 80% power (P<0.05). An interim analysis was prospectively planned and performed after 10 months of enrollment. At the interim analysis, 54 mothers had been enrolled, and a significant difference in primary outcomes was found between groups; thus, enrollment was discontinued.
Participants
Mothers of infants admitted to the NICU at Loma Linda University Children's Hospital, in Loma Linda, CA, USA, who had a history of tobacco use during or within 1 year before pregnancy but who were not currently smoking, were invited to participate in the study. Exclusion criteria included mothers whose infants were admitted at greater than 1 week of age or whose length of stay was anticipated to be less than 1 week, mothers who had never smoked, who had quit smoking greater than 1 year before pregnancy, who were currently smoking at the time of delivery, who used illicit drugs, who were unavailable (due to factors such as incarceration, adoption or surrogacy) or who did not speak English (Figure 1 ).
Recruitment, informed consent and randomization
Mothers were contacted upon admission by a research nurse who asked about their current smoking status and history of tobacco use. Mothers who qualified were given an explanation of the study by a research neonatologist and invited to participate. After obtaining informed consent, mothers were randomized to the control or intervention group. Randomization was done by converting a computer-generated randomization table into sealed, sequentially numbered and opaque patient assignment envelopes. The envelopes were opened by the investigator at the time when consents were obtained.
At the time of study enrollment, a smoking history was taken by the primary investigator and the mother's plan for remaining tobacco free was discussed. All mothers enrolled in the study, regardless of group assignment, were given handouts about the dangers of secondhand smoke exposure for infants. At least once a week during their infant's hospitalization, a study neonatologist encouraged each mother in the study to remain smoke free for her own and her baby's health. This was accomplished using the principles of motivational interviewing (such as open-ended questions, reflective listening and affirmations). 11 All mothers were also given routine NICU lactation support for breastfeeding and a handout about the benefits of breastfeeding.
Fathers who smoked were encouraged to join a smoking cessation program and were offered information about nicotine replacement to assist them in smoking cessation. 12 Encouragement was given for a 'family effort' to create a smoke-free environment for baby following discharge from the hospital.
Study intervention
Mothers randomized to the intervention group received enhanced support in bonding with their newborn infants. Mothers received information about newborn behavioral cues using books, DVDs and handouts. These materials were purchased specifically for the study and were not available to mothers in the control group. The materials varied depending on the gestational age of each baby. Resources given to mothers of premature infants in the intervention group included: (1) Prematurely Yours Figure 1 Enrollment population.
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Assessment tools
The primary outcome of this study was mother's smoking status at 8 weeks postpartum. Smoking status was evaluated by three methods: (1) mother's report (2) CO-oximetry and (3) salivary cotinine levels. Once a week each mother enrolled in the study was asked by the primary investigator whether she was still smoke free or had resumed smoking. Once a week, during babies' hospitalizations, maternal carboxyhemoglobin saturations were measured using a non-invasive transcutaneous carbon monoxide monitor (Masimo, Irvine, CA, USA). The presence of carboxyhemoglobin was used as an indicator of tobacco exposure within the prior 6 h. 21, 22 At the end of the study (8 weeks postpartum), mothers were asked to provide a saliva sample for cotinine levels (NicAlert, JANT, Encino, CA, USA) to confirm the presence or absence of tobacco use within the prior 48 h. 23, 24 Secondary outcomes included breastfeeding status, measures of depression (at beginning and end of study) and parental stress (at the end of the study). Breastfeeding status was evaluated weekly by mother's report to the primary investigator. The Edinburgh Postnatal Depression Scale 25 was used to assess depression. The Parenting Stress Index 26 (short form) was used to evaluate parental stress.
Analysis
Analyses of smoking and breastfeeding status were by 'intention to treat' and done by Kaplan-Meier log-rank survival table using time to event as the time variable, smoking relapse intervention as the exposure variable and smoking relapse and breastfeeding duration as outcome variables. Because of demographic differences between the two groups, the Kaplan-Meier analysis was repeated controlling for each of the demographic discrepancies. Student's t-test or Mann-Whitney U was used to compare differences between the groups for numeric variables. w 2 or Fisher's Exact test was used to analyze categorical or nominal variables. Cox regression analysis was utilized to determine the effects of birth weight and length of stay on the outcomes. Analysis was done using SPSS v 17 (SPSS, Chicago, IL, USA).
Results
Subjects
In all, 44 mothers were enrolled in the study between May 2009 and February 2010 (30Fcontrol, 24Fintervention, Figure 1 ). Five mothers were lost to follow up (two control, three intervention). In all, 49 mothers completed the 8-week study period (28Fcontrol, 21Fintervention). More mothers in the intervention group had private insurance (P ¼ 0.02, Table 1 ). No other significant differences in maternal demographics were found between groups. No significant differences in infant demographics were found between groups.
There was a trend for babies of mothers in the intervention group to have lower birth weights (P ¼ 0.08) and longer lengths of stay (P ¼ 0.08, Table 2 ).
Assessments of smoking status
Mothers were considered to have resumed smoking if they selfreported smoking resumption or if they had a positive salivary Prevention of postpartum smoking relapse RM Phillips et al cotinine level of 1 to 6 on the NicAlert test at the end of the study. Salivary cotinine levels were obtained from 67% of mothers who completed the study. A total of 45% of samples obtained were from mothers in the control group and 55% were from mothers in the intervention group. Salivary cotinine levels were assessed by an investigator who was unaware of group assignment. A 94% agreement was found between salivary cotinine level and mother's reported smoking status (smoker or non-smoker). Two mothers denied smoking relapse but had positive salivary cotinine tests so were counted as having relapsed. Carboxyhemoglobin saturations for individual mothers were not found to consistently correspond to their smoking status. However, mean carboxyhemoglobin levels of mothers who had resumed smoking were significantly higher than those of mothers who had remained smoke free (2.99 ± 2.88% vs 1.56 ± 1.38%, P ¼ 0.003).
Primary outcome
There was a significant decrease in smoking relapse rate at 8 weeks postpartum in the intervention compared with the control group (81 vs 46%, P<0.001, Figure 2a) . This difference was observed beginning at 6 weeks postpartum. To evaluate whether differences in source of insurance affected the survival curves, a Kaplan-Meier survival analysis was done controlling for source of insurance. The decrease in smoking relapse in favor of the intervention group remained significant (P ¼ 0.022). The Kaplan-Meier survival analysis did not single out birth weight or length of stay as significant variables affecting the difference in smoking relapse rates between groups.
Secondary outcomes
There was a significant increase in the number of mothers who continued to breastfeed at 8 weeks postpartum in the intervention compared with the control group (86 vs 21%, P<0.001, Figure 2b) . This difference was observed beginning at 2 weeks postpartum.
To evaluate whether differences in source of insurance affected the survival curves, a Kaplan-Meier survival analysis was done controlling for source of insurance. The increase in the number of mothers who continued to breastfeed remained significant (P<0.001). Kaplan-Meier survival analysis did not single out birth weight or length of stay as significant variables affecting the difference in rates of mothers who continued to breastfeed between groups.
Analyses of maternal depression and parental stress screenings were done by an investigator who was unaware of group assignment. There were no differences in depression screening scores between the control and intervention groups at either the beginning (8 ± 6 vs 8 ± 4, P ¼ 0.92) or the end (5 ± 4 vs 6±3, P ¼ 0.19) of the study period. There were no differences in parental stress screening scores (measured at the end of the study period) between the control and intervention groups (26 ± 7 vs 26 ± 8, P ¼ 0.96).
Discussion
In mothers who quit smoking during or just before pregnancy, providing support for maternal-infant bonding during a newborn's hospitalization in the NICU results in reduced rates of postpartum smoking relapse and prolonged duration of breastfeeding during the first 8 weeks postpartum. There is a growing awareness that mothers who quit smoking during pregnancy remain at high risk for smoking relapse during the postpartum period. 27 Government agencies have emphasized the need for more research on prevention of postpartum smoking relapse, and our results indicate that this can be a worthwhile endeavor. 28 Although smoking cessation is encouraged during prenatal visits, pediatricians may not be aware of mothers' smoking histories. If they are aware, they may incorrectly assume that Prevention of postpartum smoking relapse RM Phillips et al as a mother successfully quit smoking for several months during pregnancy, she is no longer at risk for relapse. This assumption has been shown to be incorrect. 2, 3 The immediate postpartum period is a critical time to support a mother who quit smoking during or before pregnancy by congratulating her for protecting her baby from the harmful effects of tobacco during prenatal development and encouraging her to continue providing a smoke-free environment for her child.
The hospitalization of a newborn in the NICU, while filled with significant stress for parents, provides a unique 'window of opportunity' to address parental smoking issues. Studies show that the hospitalization of a child with a respiratory-related illness is a time when parents are particularly open to discussions about smoking and its effect on their children's health. 29, 30 A study of parents of babies treated in the NICU found that more than half of smokers were willing to receive counseling for smoking cessation.
Interventions by health care providers in the NICU are positively associated with increased parental understanding of the health risks of smoking to their infants and increased their motivation to quit. 31 Winickoff et al. 32 have demonstrated the feasibility of implementing a strategy aimed at reducing smoking among parents during the postpartum hospitalization. Our study provides further evidence that the postpartum period is a time when mothers with a history of smoking may be responsive to encouragement and support to remain smoke free.
Providing knowledge about normal newborn behaviors increases a mother's sense of competence during interactions with her baby and supports her role as mother and protector of her infant. Parenting interventions have been successfully adapted for use with at-risk parents, including those with addictive behaviors. 33 Drugabusing mothers who receive parenting interventions have better success in achieving abstinence from drug use. 34, 35 Focusing on the quality of relationship between mother and child (rather than cognitive approaches) is characteristic of programs that demonstrate the most promise in outpatient-parenting interventions for substance-abusing mothers. 36 When a newborn is hospitalized, the mother's role of primary nurturer for her baby is suddenly usurped by the need for intensive medical interventions. Mothers may incorrectly assume that they are no longer needed in the care of their hospitalized baby. When coupled with the stress of hospitalization and separation from their newborns, this misconception may lead mothers to abandon their protective roles and resort to methods of reducing stress that have worked in the past, such as smoking. 37 By strengthening mother-infant bonds and supporting a mother's role as protector and nurturer of her baby during her newborn's hospitalization, we may empower her to continue protecting her baby from the effects of tobacco.
Previous studies have found an association with postpartum smoking and decreased duration of breastfeeding. 7, 8 Weiser et al. 38 provides evidence that postpartum smoking is associated with both failure to initiate breastfeeding and, if initiated, earlier weaning. Our study also demonstrates significantly earlier weaning in mothers who resumed smoking. Mothers who received enhanced support for mother-infant bonding continued to breastfeed their babies longer. As breastfeeding stimulates release of hormones (such as prolactin and oxytocin) that support maternal-infant bonding, perhaps breastfeeding and the additional support for mother-infant bonding are mutually reinforcing. 36, 39, 40 Our study did not find a significant difference in stress and depression between groups. These results could indicate that our intervention had no effect on maternal stress or depression. However, it is possible that the number of subjects was not large enough or that the assessment tools we used were not sensitive enough to detect a difference between groups. Discovering and implementing effective ways to reduce stress and postpartum depression in mothers of hospitalized newborns could have many benefits for mothers, babies and families, and warrants further research.
The conclusions of this study may be limited by sample size, population dynamics and resources; however, the results are highly significant. Because significant differences were found in maternal source of insurance (P ¼ 0.02), covariant analysis was done with source of insurance as a covariable. The differences between groups for both smoking relapse and breastfeeding duration remained significant. There was a trend for lower birth weights and higher lengths of stay in the NICU for babies of mothers in the intervention group (P ¼ 0.08). Kaplan-Meier survival analysis did not single out birth weight or length of stay as significant variables affecting the difference in rates of smoking relapse or breastfeeding between groups. Babies with lower birth weight would be expected to have longer lengths of stay in the NICU. As the study intervention was completed within the first 2 weeks of hospitalization, mothers whose babies had a longer length of stay did not receive more tobacco cessation interventions. All mothers received weekly encouragement to remain smoke free and to continue breastfeeding whether or not their infant remained in the NICU. We cannot exclude the possibility that more support for breastfeeding was provided for mothers of infants who remained hospitalized.
Only English-speaking mothers were enrolled; therefore, generalization to non-English speakers may also be limited. Although the intervention was designed to support mother-infant bonding, no direct assessment of mother-infant bonding or attachment were measured. Appropriate measures of attachment are available for older infants, but were beyond the scope of this project. Studies providing mothers with information about newborn behaviors that included measures of mother-infant bonding or attachment, as well as follow-up at 1 to 2 years of age would be enlightening.
Conclusion
Interventions to support mother-infant bonding during a newborn's hospitalization in the NICU are associated with reduced rates of smoking relapse and prolonged duration of breastfeeding during the first 8 weeks postpartum in mothers who quit smoking during or just before pregnancy. By decreasing the rate of smoking relapse and increasing the duration of breastfeeding, both of which have well-documented short-and long-term benefits, this intervention makes an important contribution to the health of infants and their mothers.
